and were located about 150 to 270 mm from one end of the cylinder section, as shown in Figure 1 .
k determination of the residual stress present in the cylinder sections was made during the specimen fabrication process. After rings #1 and 2 were cut from the cylinder sections, two lines were scribed on the OD of each ring, and the change in spacing of the lines. Ad, was measured as a result of cutting through the ring wall between the lines; see Figure 2 . A relation between Ad and the nominal circumferential residual stress, a, present at the ID of the ring before slitting can be obtained from curved beam theory
Values of Ad measured and calculated a, using E = 207,000 MPa, r^ = 178 mm, r2 = 203 ram, are shown in 
MECHANICAL PROPERTY TESTS
The mechanical tests performed from the cylinder material are tension tests using ASTM Method E8 and notched bar impact tests using the Charpy specimen of ASTM Method E23. The specimens for these tests were taken from mid-wall thickness of the cylinder and with the intended fracture plane normal to the circumferential direction.
The tension test specimens were 8.9 mm (0.35 in.) diameter with a 64 mm (2.5 in.) reduced section length, which is above the minimum required length (see Figure 8 of E23). Four specimens were tested at 25 0 C from each cylinder; results are in Table II . The specimen designation used here and for all test specimens is cylinder number, followed by ring number, followed by specimen number, so that 1-4-2, for example, refers to cylinder #1, ring #4, and specimen #2 from that ring. The notched bar impact specimens were Charpy, Type A, (shown in Figure 4 of ASTri E23), that is with the commonly used 2 mm deep, 45°, 0.25 mm radius notch. Three specimens were tested at four temperatures from each cylinder, 24 tests total. The absorbed energy, percent shear on the fracture surface, and the lateral expansion were measured and are listed in Table III . A plot of absorbed energy versus test temperature is shown as Figure 3 , which gives a measure of the ductile-to-brittle transition of Charpy energy with decreasing temperature for each cylinder. The smooth curves drawn through the mean of the three data points of each set (except excluding specimen 1-2-3) show a significant transition in Charpy energy over the temperature range of the tests.
FRACTURE MECHANICS TESTS
Three types of tests were performed: plane strain fracture toughness, Kx c , using ASTH Method E399, fatigue crack growth rate, da/dN, generally following ASTM Method E647, and fatigue life tests using S-N type, full-wallthickness, bend specimens and where possible the procedures of ASTM Method E606. The specimens for all fracture tests had the same basic contour. It was a 165 mm (6.5 in.) long segment from the cylinder wall, with the ID and OD surfaces left unmachined, see Figure 4 . The Kx c and da/dN specimens were notched and were loaded by 13 mm (0.5 in.) pin holes; the S-N specimens were unnotched and were loaded in three-point bending, using a 143 mm span, £., between the outer load points. specimens in all. The minimum load was always 10% of maximum load. The specimen, shown in Figure 4 , is the C-shaped specimen, one of the standard specimens for K Ic tests. This specimen is not standard in the da/dN test method, E647; however, the geometry and the stress and K analysis of the C-shaped specimen have been shown 2 to be similar to the compact specimen, which is standard in E647.
The average crack length, nominally 5 to 15 mm, averaged from the two sides of the specimen was plotted versus number of cycles, and slopes were taken at five or six points, converted to da/dN and plotted on log-log axes versus the range of K, AK, as shown in Figure 5 . An "eyeball fit" straight line with a prescribed slope of three Is shown, to serve as a representation of the da/dN data in a form which can be easily Integrated. It Is emphasized that the expressions shown are known to represent the da/dN behavior of the cylinders only within the range of data presented.
The S-N test data are shown in Table V . Two or three specimens from each cylinder were tested at 25 0 C with four maximum loads. The minimum fatigue load was always 10% of maximum load. The wall thickness, W, of each specimen was recorded. Shallow grooves were noted on the ID surface of most specimens, running in the longitudinal direction of the cylinder. The depth of the grooves was estimated by measuring some grooves on an optical comparitor. Two categories of groove depth are Indicated in Table V ; the specimens from cylinder #2 were the only ones on which deep grooves were noted, with depth of about 0.05 to 0.1 mm. The grooves affected the S-N results because in all cases with a groove near the center of the specimen, that is, approximately in line with the center load point, the fatigue failure initiated at a groove.
The number of cycles required to grow a crack of 5 mm length along the ID in the longitudinal direction is noted in Table V . In most cases, cracks as small as 2 mm could be detected using a magnetic particle inspection. The cylinder material did not retain a magnetic field as well as other steels we have tested. This, in part, explains the lack of 5 mm data for two specimens.
The number of cycles to final failure, with failure defined as two pieces, was recorded. Finally, the stress at the ID surface of the specimen was calculated as: 6M 3/2 P£ .,. BW   2   BW   2 where the maximum fatigue load, P and specimen wall thickness, W are from Table V , specimen thickness, B = 25.4 mm, and the span between outer load points, I = 143 mm. This calculation uses standard beam analysis, with no consideration of the curvature of the specimen; this approach was found to be 9 entirely adequate for specimens of this type in prior stress and K analysis. The S-N plots of the data for each cylinder are shown in Figure 6 . In general the ID stress required for lives in the range tested, 2,000 to 50,000 cycles. Is at or above the yield strength. The lives from cylinder #2 tests are generally below those of cylinder //I at similar stress levels. This is due, at least in part, to the fact that five of the ten specimens from cylinder #2 had relatively deep grooves present which lowered the fatigue life.
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PRELIMINARY ANALYSIS OF RESULTS
Some indication of the type of analysis which could be performed is given
here.
An estimate of the critical crack size in the cylinder which would -]
These a c and Nf estimates can be further refined, and more information on the service conditions of the vessels is required to more certainly determine the various parameters which appear in the analyses. Once the most appropriate service information is Inserted into the analyses via the parameters in equations (2) and (3) 
